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Sir: 



I, Noriaki Kato, a citizen of Japan, hereby declare and state: 



1 . I graduated from Kanazawa University Faculty of Pharmaceutical Sciences in 
Japan, in 1 984. 



2. I have been employed by Sanwa Kagaku Kenkyusho Co., Ltd., since 1984 and 
I have had a total of 24 years of work researching drugs on diabetic cataract, diabetic 
neuropathy and diabetic retinopathy. 



3. I am a member of 1) The Japan Diabetes Society, 2) The Japan Society of 
Diabetic Complications, 3) Japanese Ophthalmological Society and 4) Japan Society of 
Experimental Diabetes and Obesity. 
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4. I am one of the inventors of the above-identified patent application and I am 
familiar with the references applied in the Office Action mailed March 18, 2008. 

5. My publications include the following works in this field: 

"Continuous inhibition of excessive polyol pathway flux in peripheral nerves 
by aldose reductase inhibitor fidarestat leads to improvement of diabetic neuropathy," 
J. Diabetes Complications, 1999 May-Jun,13(3):141-50. 

"Effects of 15-month aldose reductase inhibition with fidarestat on the 
experimental diabetic neuropathy in rats, Diabetes Research and Clinical Practice," 
Volume 50, Issue 2, 1 October 2000, Pages 77-85. 

"Serial changes of sensory nerve conduction velocity and minimal F-wave 
latency in streptozotocin-induced diabetic rats," Neuroscience Letters, Volume 244, 
Issue 3, 20 March 1998, Pages 169-172, 

"Effect of long-term treatment with a new aldose reductase inhibitor, (2S,4S)- 
6-fluoro-2^5 , -dioxospiro-[chroman-4,4'-imidazolidine]-2-carbox amide (SNK-860), on 
peripheral neuropathy in streptozotocin-induced diabetic rats," J. Diabetes 
Complications, 1994 Jan-Mar, 8(l):27-32. 

"Long-term treatment with fidarestat suppresses the development of diabetic 
retinopathy in STZ-induced diabetic rats," Journal of Diabetes and its Complications, 
Volume 17, Issue 6, November-December 2003, Pages 374-379. 

"Sorbitol dehydrogenase overexpression potentiates glucose toxicity to 
cultured retinal pericytes," Biochemical and Biophysical Research Communications, 
Volume 299, Issue 2, 29 November 2002, Pages 183-188. 

"Aldose Reductase Inhibitors," Journal of Enzyme Inhibition, Volume 16, Issue 
6 2001 , pages 465 -473. 

"Effect of the aldose reductase inhibitor fidarestat on experimental diabetic 
neuropathy in the rat," Diabetologia, Volume 49, Issue 12, December 2006, pages 
3085-3093. 
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6. The following experiments were conducted by me or under my direct 
supervision. 

The experiment is composed of three tests: (A) pharmacological preliminary test 1 
using crab-eating monkeys; (B) pharmacological preliminary test 2 using crab-eating monkeys; 
and (C) pharmacological test using crab-eating monkeys of experimental diabetes, 

A. Pharmacological preliminary test 1 using crab-eating monkeys 

■ 

-Epalrestat 400 mg/kg/day short-term repeated administration test- 

1 . Purpose 

The purpose of this test is to set a maximum effective dose of epalrestat used in macular 
edema evaluation study with streptozotocin (STZ) induced diabetic crab-eating monkey. The 
toxic dose level of epalrestat in the dog 3 -month sub-acute toxicity test is estimated to be 500 
mg/kg/day. A decreasing trend of the body weight is perceived at a 22nd day of administration 
by this dose 1} . Based on the foregoing report, repeated administration of 400 mg/kg/day for 5 
days was determined. 

2. Experimental material and method 

2. 1 . Test article 

Epalrestat (Lot No. EPA-06510, Sanyo Chemical Laboratory Co., Ltd.) was employed 
as a test article. 

2.2. Test method 
2.2.1. Grouping 

Four normal male crab-eating monkeys (Macaca fascicularis) from Nafovanny, 
Vietnam, ranging from 2 and 3 years old, were divided into two groups each of which was 
composed of two. 

1) Control group (two monkeys) 

2) Epalrestat 400 mg/kg/day administrated group (two monkeys) 
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2.2.2. Medication administration and blood drawing 

A catheter was inserted from the buccal cavity through the esophagus into the stomach 
so that an epalrestat suspension (prepared by 5% gum arabic solution) was administered. 
Administration was carried out three times a day (in the morning, daytime and at night) and 
repeated for five days. A 5% gum arabic solution was orally administered to the control group 
in a ratio of 5 ml/kg. The general condition and body weight were monitored every day in the 
administration period. Furthermore, blood was drawn from the saphena immediately before 
administration and five days after the administration using a disposable syringe barrel and 
needle without use of an anesthetic. Drawn blood was put into a Venoject II (Terumo 
Corporation) and left for 40 to 60 minutes at a room temperature. A biochemical examination 
using obtained blood serum was entrusted to the Corporation for Production and Research of 
Laboratory Primates. 

3 . Experimental results 

3.1. General condition 

No significant changes in the condition were found in each individual of the control 
group during the test. In the test article administered group, excretion of test article color-like 
urine was found from a first to fifth administration days regarding each individual. One of the 
monkeys had about 2 mL vomit of test article-like substance five days after administration, and 
another monkey had about 3 mL vomit of test article-like substance four and five days after 
administration. 

3.2. Body Weight 

TABLE 1 shows body weight changes. No significant changes in the body weight were 
found in each individual of the control group during the test. In the test article administered 
group, one of the monkeys had weight loss of 0.2 kg five days after administration, and another 
monkey had weight loss of 0.3 kg five days after administration. The monkey which had the 
weight loss of 0.2 kg during five days died five days after cessation of the test article. 
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3.3. Biochemical examination of blood serum 



TABLE 2 shows results of the examination. No changes were found in the control group 
before and after the administration. In the test article administered group, changes were found 
in each of BUN, GPT, LDH, CRE and T-BDL 

■ 

4, Summary 

400 mg/kg/day epalrestat was considered to be a toxic dose based on aggravation of 
general condition, weight loss and variations in hepatic and kidney damage markers. 

5. Reference 

Katsumasa ISHIMURA, Hitoshi OGAWA, Koichi ISOWA, Hidetoshi KASHMA and 
Shinji WATANABE, et al., "Three-Month Subacute Toxicity Test and One-Month Recovery 
Test in Dogs by Oral Administration of ONO-2235," Modern Medical Care (Gendai-Iryou), 
1986; 18 (Supplement III); p. 162-231 (attached as Document 5 hereto). 



TABLE 1 

CHANGE IN BODY WEIGHT 



Group 


Dose 


Animal 


First 


Second 


Third 


Fourth 


Fifth 




(mg/kg) 




day 


day 


day 


day 


day 


Control 


0 


(1) 


2.4 


2.3 


2*3 


2,3 


2.3 






(2) 


2.4 


2,4 


2.4 


2.4 


2.4 


Epalrestat 


400 


(1) 


2.5 


2.5 


2.5 


2.5 


2.3 






<2) 


2.5 


2,4 


2.4 


2.3 


2.2 
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TABLE 2 

BIOCHMICAL EXAMINATION OF BLOOD SERUM 



Group Dose Animal BUN GOT GPT ALP LDH 

(mg/kg) (mg/dL) (IU/L) (IU/L) (IU/L) (IU/L) 



Control 


0 


(1) 


B 


18, 


,8 


26 


29 


1717 


244 






(2) 


B 


23 


.8 


21 


16 


2143 


234 


Epalrestat 


400 


(1) 


B 


20 


.0 


29 


46 


1934 


270 






(2) 


B 


22 


.1 


31 


38 


2546 


233 


Control 


0 


(1) 


A 


20. 


6 


27 


35 


2009 


289 






(2) 


A 


27 


.8 


25 


21 


2322 


300 


Epalrestat 


400 


(1) 


A 


39. 


1 


43 


104 


2138 


778 






(2) 


A 


26 


.0 


38 


48 


1914 


287 



where "B" designates the value before administration and W A" 
designates the value after administration for five days; and 
where BUN designates blood urea nitrogen, GOT glutamic- 
oxaloacetic transaminase, GPT glutamic -pyruvic transaminase, 
ALP alkaline phosphatase/ LDH lactate dehydrogenase, CRE 
Creatinine and T-BIL total bilirubin. 



TABLE 2 -Continued- 

BIOCHMICAL EXAMINATION OF BLOOD SERUM 



Group Dose 


Animal 


CRE 


T-BIL 


(mg/kg) 




(mg/dL) 


(mg/dL) 


Control 0 


(1) B 


0.5 


0.2 




(2) B 


O.S 


0.4 . 


Epalrestat 400 


(1) B 


0.4 


0.2 




(2) B 


0.5 


0.2 


Control 0 


(1) A 


0.5 


0.2 




(2) A 


0.5 


0,3 


Epalrestat 400 


(1) A 


1.5 


0.4 




(2) A 


1.1 


0.7 
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B. Pharmacological preliminary test 2 using crab-eating monkeys 
-Epalrestat 150 mg/kg/day short-term repeated administration test- 

1 . Purpose 

The purpose of this test is to set a maximum effective dose of epalrestat used in macular 
edema evaluation study with streptozotocin (STZ) induced diabetic crab-eating monkey. Since 
a toxic action was seen in the epalrestat 400 mg/kg/day short-term repeated administration test, 
inspection was carried out with the dose being reduced to 1 50 mg/kg/day. 

2. Experimental material and method 

2.1. Test article 

Epalrestat (Lot No. EPA-06510, Sanyo Chemical Laboratory Co., Ltd.) was employed 
as a test article. 

2.2. Test method 

2.2.1. Grouping 

Three normal male crab-eating monkeys (Macaca fascicularis) from Nafovanny, 
Vietnam, ranging from 2 and 3 years old, were used. Only one medication administration 
group was set in order that toxic action may be detected before and after administration. 
l)Epalrestat 150 mg/kg/day administrated group (three monkeys) 

2.2.2. Medication administration and blood drawing 

A catheter was inserted from the buccal cavity through the esophagus into the stomach 
so that an epalrestat suspension (prepared by 5% gum arabic solution) was administered. 
Administration was carried out three times a day (in the morning, daytime and at night) and 
repeated for six days. The general condition and body weight were monitored every day in the 
administration period. Furthermore, blood was drawn from the saphena or femoral vein 
immediately before administration and six days after the administration using a disposable 
syringe barrel and needle without use of an anesthetic. Drawn blood was put into a Venoject II 
(Terumo Corporation) and left for 40 to 60 minutes at a room temperature. A biochemical 
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examination using obtained blood serum was entrusted to the Corporation for Production and 
Research of Laboratory Primates. 

3. Experimental results 

3.1. General condition 

In all the individuals, excretion of test article color-like urine was found from a first to 
sixth administration days. 

3.2. Body Weight 

TABLE 3 shows body weight changes. All the individuals had weight loss of 0. 1 to 0.2 
kg five or six days after administration. 

3.3. Biochemical examination of blood serum 

TABLE 4 shows results of the examination. By treatment with test article, changes 
were found in each of BUN, GPT, LDH and CRE. 

4. Summary 

Mild but temporal weight loss was seen and variations in hepatic and kidney damage 
markers were also seen, and accordingly, 150 mg/kg/day epalrestat was also considered to be 
a toxic dose. 

TABLE 3 

» 

CHANGE IN BODY WEIGHT 



Group Dose Animal 


First 


Second Third 


Fourth 


Fifth 


Sixth 


(mg/kg) 


day 


day 


day 


day 


day 


day 


Epalrestat 15 0 (1) 


2.3 


2.3 


2.2 


2.2 


2.1 


2.1 


(2) 


2.3 


2,4 


2,3 


2.2 


2,1 


2.1 


(3) 


2.4 


2.4 


2.4 


2.4 


2 « 3 


2.3 
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TABLE 4 

BIOCHMCAL EXAMINATION OF BLOOD SERUM 



Group 



Dose Animal BUN GOT GPT ALP LDH 
(mg/kg) (mg/dL) (IU/L) (IU/L) (IU/L) (IU/L) 



(1) 


B 


19.4 


34 


17 


2782 


266 


(2) 


B 


19.4 


36 


30 


1812 


248 


(3) 


B 


16.5 


44 


19 


21B6 


366 


{1) 


A 


46.6 


57 


139 


2139 


783 


(2) 


A 


46.9 


35 


58 


1421 


575 


(3) 


A 


IS. 7 


27 


17 


2358 


342 



Epalrest&t 150 



where "B" designates the value before administration and tt A" 
designates the value after administration for six days; and 
where BUN designates blood urea nitrogen, GOT glutamic- 
oxaloacetic transaminase, GPT glutamic -pyruvic transaminase, 
ALP alkaline phosphatase, LDH lactate dehydrogenase, CjRE 
Creatinine and T-BIL total bilirubin. 



TABLE 4 -Continued- 

BIOCHMICALEXAlvlINA'nON OF BLOOD SERUM 



■ » 

Group Dose 


Animal 


CRB 


T-BIL 


(mg/kg) 






(mg/dL) 


(mg/dL) 


Bpalrestat 150 


(1) 


B 


0.5 


0.2 




(2) 


B 


0.5 


0.2 




(3) 


B 


0.5 


0.2 




(1) 


A 


4.9 


0.2 




(2) 


A 


2.9 


0.1 




(3) 


A 


0.9 


0.2 
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C. Pharmacological study using experimental diabetic crab-eating monkeys 

-Action of SNK-860 and epalrestat against macular edema due to ischemic reperfusion- 

The effectiveness of aldose reductase inhibitor on macular edema due to ischemic 
reperfusion was compared regarding SNK-860 and epalrestat using streptozotocin (STZ) 
induced diabetic crab-eating monkeys (Macaca fascicularis). 

2\ Experimental material and method 

2.1 . Diabetes inducing substance and insulin 

Diabetes mellitus was induced in monkeys by intravenously injecting streptozotocin 
(STZ: Lot No. 046K1206, Sigma) into their foreleg vein at the dose of 80 mg/kg. Insulin 
(NOVOLIN (registered trademark), NovoNordisk A/S) was administered subcutaneously 
twice a day (before feeding in the morning and in the evening). An applied dose of insulin was 
determined to be a slight amount necessary for subsistence (0.01 to 0.05 mL/body). 

2.2. Test article 

SNK-860 (Lot No. 901T-4) was employed as a test article. It is reported that SNK-860 
suppresses 50% sorbitol accumulation at the dose of 2 mg/kg and 100% sorbitol accumulation 
at the dose of 16 mg/kg. Based on the report, the dose sufficiently suppressing sorbitol 
accumulation was set at 4 mg/kg/day and 8 mg/kg/day. Administration was carried out once a 
day (in the morning) for 14 days before increase in the intraocular pressure and for 7 days after 
increase in the intraocular pressure. 

2.3. Control article 

Epalrestat (Lot No. EPA-06510, Sanyo Chemical Laboratory Co., Ltd.) was employed 
as a control article. The dose was set at 25 mg/kg/day and 50 mg/kg/day based on the 
experiment results of preliminary test 1 and 2, and the report that 73% sorbitol accumulation 
was suppressed in the retina of a diabetic model at the dose of 50 mg/kg/day. Administration 
was carried out three times a day (in the morning, daytime and at night) for 14 days before 
increase in the intraocular pressure and for 7 days after increase in the intraocular pressure. 

t 
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2.4. Test method 



2.4.1. Grouping 

STZ was administered to 20 male crab-eating monkeys (Macaca fascicularis) from 
Nafovanny, Vietnam, ranging from 2 and 3 years old, to induce diabetes mellitus. Surviving 
16 monkeys were divided into four groups. The grouping was carried out three weeks after 
administration of STZ in view of glycated hemoglobin levels, body weight and results of 
general condition before administration of medications (test article or control article). Groups 
were as follows: 

1) Diabetic control group (4 monkeys); 

■ 

2) Diabetic group of given 4 mg/kg SNK-860 (3 monkeys); 

3) Diabetic group of given 8 mg/kg SNK-860 (3 monkeys); 

4) Diabetic group of given 25 mg/kg epalrestat (3 monkeys); and 

5) Diabetic group of given 50 mg/kg epalrestat (3 monkeys). 

2.4.2. Preparation of retinal ischemia by increase of the intraocular pressure 

Intraocular pressure was applied to both eyes of each monkey at a 14th day of 
administration by the following method: 

A drip infusion set (Terufusion Drip Infusion Set manufactured by Terumo) was 
connected to a bottle containing an intraocular perfusion solution (Opeguard MA manufactured 
by Senju Pharmaceutical Co., Ltd.), and an extension tube to which a three-way stopcock had 
been attached was connected thereto. A needle was fitted to the end of the tube. The bottle was 
fixed to a stand so that a liquid level of the intraocular perfusion solution is 1 84 cm high 
relative to monkey's eyes. A mydriatic (Mydrin P manufactured by Santen Pharmaceutical 
Co., Ltd.) was dropped onto monkey's eye with sufficient mydriatic action. Thereafter, Ketalar 
(Sankyo Lifetech Co., Ltd.) was administered into muscle for anesthesia. Subsequently, a local 
anesthetic agent (Benoxyl eye drop 0.4%, Santen Pharmaceutical Co., Ltd.) was dropped and 
a lid retractor was then attached to prevent blinking. Ketalar was timely added. Thereafter, a 
needle was stuck into an anterior chamber of the monkey's eye and the three-way stopcock was 
operated so that pressure is applied in the eye, whereby a retina ischemic condition was 
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prepared. An ischemic time by application of intraocular pressure was set to 60 minutes. After 
application of the intraocular pressure, the needle was removed to relieve the intraocular 
pressure to allow reperfusion, and an antibacterial eye drop (tarivit eye ointment manufactured 
by Santen Pharmaceutical Co., Ltd.) was applied onto the eye. The thickness of macula was 
measured using an OCT scanner (Stratus OCT, Carl Zweiss Meditec AG) two days after 
application of intraocular pressure (16 days after medication administration) and four days after 
application of intraocular pressure (1 8 days after medication administration). Evaluation was 
carried out without consideration of eyeballs to which insufficient intraocular pressure was 
applied and in which macula was not observed by the OCT scanner. 

2.4.3. Measurement of macula thickness 

Macula cross-sectional imaging of the monkey under anesthesia was photographed 
using an OCT scanner on a fourteenth day from medication administration (immediately before 
application of intraocular pressure), a sixteenth day (two days after application of intraocular 
pressure) and eighteenth day (four days after application of intraocular pressure). Evaluation 
was carried out with respect to the minimum thickness of macula center. 

2.4.4. Dissection 

4 

ft 

The monkeys were normally raised after application of intraocular pressure. 
Measurement of body weight and blood drawing were carried out 21 days after medication 
administration (seven days after application of intraocular pressure) and thereafter, dissection 
was also carried out. Glycated hemoglobins were measured using drawn blood. 

3 . Test results 

3.1. Effect on macular edema 

TABLE 5 shows the results. A macular edema of diabetic monkey (an increase in the 
minimum thickness of macula center) was produced by application of intraocular pressure. 
The macular edema was seen during four days after application of intraocular pressure. 
Significant edema suppressing effect was admitted in the diabetic monkeys to which 4 or 8 
mg/kg/day SNK-860 was administered. On the other hand, no significant edema suppressing 
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effect was admitted in the diabetic monkeys to which 25 or 50 mg/kg/day epalrestat was 
administered. 

3.2. Effect on body weight and glycated hemoglobin 

TABLE 6 shows the results. No difference was seen among groups regarding body 
weight and glycated hemoglobin. Furthermore, the weight and hemoglobin were increased in 
all groups as compared with the time of grouping. 

4. Summary 

1) SNK-860 exhibited stronger suppression of macular edema in diabetes mellitus than 
epalrestat. 

2) No effect was seen even when the dose of epalrestat was increased and accordingly, 
the effectiveness thereof against macular edema in diabetes mellitus was unclear. Additionally, 
the set dose (25 and 50 mg/kg/day) was considered to have no controversial toxic effect. 

3) The level of hemoglobin was rendered larger at the time of final administration than 
at the time of grouping, regarding all groups. Accordingly, the medicinal effect was considered 

r 

to be brought by each medication but not by a blood glucose improving effect of insulin. 

5. Reference 

LG. Obrosova, A.G. Minchenko, R. Vasupuram, L. White, O.I. Abatan, A.K. Kumagai, 
R.N. Frank and M.J. Stevens, "Aldose reductase Inhibitor Fidarestat Prevents Retinal 
Oxidative Stress and Vascular Endothelial Growth Factor Overexpression in 
Streptozotocin-Diabetic Rats," Diabetes 2003; 52: 864-871 (listed herein as Document 6). 

N. Hotta, H. Kakuta, H. Fukasawa, M. Kimura, N. Koh, M. Iida, H. Terashima, T. 
Morimura and N. Sakamoto, "Effects of a Fructose-Rich Diet and the Aldose Reductase 
Inhibitor, ONO-2235, on the Development of Diabetic Neuropathy in Streptozotocin-Treated 
Rats," Diabetologia 1985; 28; 176-180 (attached hereto as Document 7). 



Page 13 of 16 



TABLE 5 

MINIMUM THICKNESS OF MACULAR CENTER AFTER APPLICATION OF 
INTRAOCULAR PRESSURE 



Group 


Dose 


Number 


Before application of 




(nag/kg) 


of eyes 


intraocular pressure 


Diabetic control 




7 


135±3 


SHK-860 


4 


5 


128*5 




8 


6 


13 US 


Epalrestat 


25 


4 


130±6 




50 


6 


12B±4 



TABLE 5 -Continued- 

MINIMUM THICKNESS OF MACULAR CENTER AFTER APPLICATION OF 
INTRAOCULAR PRESSURE 



Group 


Application of 


intraocular pressure 




Two days after 


Pour days after 


Diabetic control 


182±15 # 


152±6 # 


SNK-860 


139*10 * 


135=1=8 




140±7 * 


138*5 


Epalrestat 


164±22 


152±9 




169±31 


161±15 


where averageistandard error (jim) , #p<o,05 versus before 


application of intraocular pressure, 


and *p<0 . 05 versus 


diabetic control. 
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TABLE 6 

BODY WEIGHT AND GLYCATED HEMOGLOBIN 



• 




NunUDer OI 


Body Weight {kg} 






llivJilJvoy a 


Grouping 


Pinal 


Diabetic control 




4 


2 .2*0 . 1 


2 . 4*0 . 2 


SNK-860 


4 


3 


2 . 3*0 . 4 


2.4*0.4 




8 


3 


2 . 1*0 . 0 


2 . 2*0 . 0 


Epalrestat 


25 


3 


2 . 2*0 . 2 


2*3*Q,1 




50 


3 


2 . 2*0 . 1 


2 . 2*0 . 1 



TABLE 6 -Continued-. 

BODY WEIGHT AND GLYCATED HEMOGLOBIN 



Group 


Glycated hemoglobin (%) 


i 


Grouping 


Final 


Diabetic control 


7.7*0.8 


8.2*0*7 


SNK-860 


7 . 5±0 . 6 


8 . 8*0 > 7 




8 . 0*0 . 2 


9,2*0.2 


Epalrestat 


8 . 5*0 . 1 


9 . 1*0 . 5 




7 . 9*1 . 8 


8 . 8*1 . 8 


where grouping designates "at the time of grouping" and final 


designates "at the time of final 


medication administration'' 


and average±standard 


error 
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7. I hereby declare that all statements made herein of my own knowledge are true, 
and that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine and/or imprisonment under Section 1001 of Title 18 of the United 
States Code, and that such willful false statements may jeopardize the validity of the application 
or any patent issuing therefrom. 



• Document 1: M.A. Speicher et aL, "Pharmacologic Therapy for Diabetic Retinopathy," 
Expert Opinion on Emerging Drugs 2003; 8; 239-250 (no copy attached, cited as 
reference AH on the 1449 form included with the IDS filed July 26, 2006). 

• Document 2: M. Akita et aL, "Effects of an Aldose Reductase Inhibitor, SNK-860, on the 

Histopathological Changes of Retinal Tissues in a Streptozotocin-Induced Diabetic Rat 
Model," Acta Med Okayama 1993; 47: 299-304 (no copy attached, cited as reference AI 
on the 1449 form included with the IDS filed July 26, 2006). 

• Document 3: JP-A-H07-242547 (no copy attached, cited as reference AC on the 1449 
form included with the IDS filed July 26, 2006). 

• Document 4: Hidetoshi Yamashita and Ryo Kawasaki ed., "Diabetic Retinopathy: Best 
Advice By Medical Specialist," Tokyo, Shindann-to-Chiryousha, 2003, pages 47-59. 

• Document 5: Katsumasa ISHIMURA, Hitoshi OGAWA, Koichi ISOWA, Hidetoshi 
KASHIMA and Shinji WATANABE, et aL, "Three-Month Subacute Toxicity Test and 
One-Month Recovery Test in Dogs by Oral Administration of ONO-2235," Modern 
Medical Care (Gendai-Iryou)., 1986; 18 (Supplement III); p. 162-231. 

• Document 6: I.G. Obrosova, AG. Minchenko, R. Vasupuram, L. White, O.I. Abatan, AK. 

Kumagai, R.N. Frank and M.J. Stevens, "Aldose Reductase Inhibitor Fidarestat Prevents 
Retinal Oxidative Stress and Vascular Endothelial Growth Factor Overexpression in 
Streptozotocin-Diabetic Rats," Diabetes 2003; 52: 864-871 (no copy attached, cited as 
reference AJ on the 1449 form included with the IDS filed July 26, 2006). 

• Document 7: N. Hotta, H. Kakuta, H. Fukasawa, M. Kimura, N. Koh, M. Iida, H. 
Terashima, T. Morimura and N. Sakamoto, "Effects of a Fructose-Rich Diet and the 
' Aldose Reductase Inhibitor, ONO-2235, on the Development of Diabetic Neuropathy in 
Streptozotocin-Treated Rats," Diabetologia 1985; 28; 176-180. 
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Noriaki KATO 
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m$ mstmrnmomtsim 

INTERNATIONAL CLINICAL CLASSIFICATION OF DIABETIC RETINOPATHY 

SEVERTITY OF DIABETIC MACULAR EDEMA 

2 major levels, with subcategories for diabetic macular edema 
2 0®L^MC*9JU SS(CH»aSfr3 



Proposed Classification 
ft®. 


Findings Observable Upon Dilated Ophthalmoscopy 


Diabetic Macular Edema Absent 

mmmmmwimi, 


No retinal thickening or hard exudates in posterior pole 


Diabetic Macular Edema Present 


Some retinal thickening or hard exudates in posterior pole 


If diabetic macular edema is present, it can be categorized as follows : 


Proposed Classification 


Findings Observable Upon Dilated Ophthalmoscopy * 


Diabetic Macular Edema Present 


Mild Diabetic Macular Edema 

Some retinal thickening or hard exudates in posterior pole distant from the 
macula 

w®mmmmvm&amifd> znzimsimfr 5 Barrels . 


w 


Moderate Diabetic Macular Edema 




Retinal thickening or hard exudates approaching the center of the macular 
but not involving the center 


Severee Diabetic Macular Edema 



Retinal thickening or hard exudates involving the center of the macula 

* Hard exudates are a sign of current or previous macular edema. Diabetic macular edema is defined as retinal 
thickening and this requires a 3-dimensional assessment that is best performed by a dilated examination using 
slit-lamp biomcroscopy and/or stereo fundus photography. 

"KSEO+'kfr&lifL-Cv**" "ftaof'tKifi^TV**" 4^ft3RT3E?*lTV»*. 

etdrs T-©|?SE^Ilo^ 9, 5ri fcKHSfiWfcttTOJ: n KfBf&LTV* (BU). 
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International clinical diabetic retinopathy disease 
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Mild non-proltferative diabetic retinopathy 
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Moderate non-prphferative diabetic retinopathy 
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Severe non-proliferative diabetic retinopathy 










(2E2) 
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61,65 


Proliferative diabetic retinopathy 




AIV, BIV,BV 




65, 71,75, 85 
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(>1 2) ^Jfflifllgjgtf 4 afiglC-tn^n 20 eiU±Sni* Severe non-proliferative diabetic retinopathy £? 5. 
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Kupffer JMS'v.O hemosiderin Oifc*|, ITOeoim Jfi]3m<7>{g^fiU*iS&S. 
fifc. Ztz, £V ! '%®.<r)U : F®Wimt£:Tli, ^1*iii®fgl!i<j$rilj£fc: 
#3 tOt#i.^n***500mg/kgt£-|-^<oSTSa-C'^*'i h 3 > K i; 7<7>iQJlD 
iCO; h 3> K'JTrtfcy^y^f^-S-totco*', lOOmg/kg JM±otft 

tStt? 'J XtHO; h a VKU. 7 fife. 



7. ztihn&ikimmz* i)Wi®.-thTtSTm%®.itx'i>itz. 



/ 



Ztltz ONO-2235 £ e-;?Ou*fc90B WiU B 1 

El ?$ $IJ*£ □ L , £ co iamtt * & 

L 6 ~ 7 a $ co h'-iT ;w * (Hezleton 
Lab.jt) T"ftS$7 .2-10. 5kg, fli7.6~10.lkgO 

itl, ffl I lz%& i -? iz, ^(cSiJQ 

6 BSiL, * 

CO") <bCOfl£&&2GEKo^Tli30BW|co[l«!£®fc 
£^T-?fc. (Appendix 1) 

®%>\mmi± 2 t, ffiwiS55±io%, 

n#Rfll2B#M (7 : 00-19: 00), »ft@fti2H/hr 

tw«?itftflnffSTTyussfflai'5r->? (85 

cmx75cmx60cmH) IClR^Lffillf L£. 

^#li@^«-(7rf<DXh-y^, B*jgjil 
&) 300g £ 1 B 1 EI8£.*7 1 ~ 2 m®&iZ, ft 

®&itM%mm?k£®t$i;v 2 01. 000m/ f 

2. mbim 

ONO-2235 (i, ill*, {fc6>&$J|£o A 



ISA T-Tf is £ vivm&nib&b? h 

tt) ± Oit&Silrt: Lot. J-3004 tm^tz. 




COOH 



ONO-2235 : 5-((l£. 2£)-2-methyl-3-phenyl- 

propenylidene)-4oxo-2-thioxo-3-thiazoIidineacetic 
acid (C 15 H„NOjS„ M. W. 319. 40) 

3. i v&ttm 

gftS-tf ^fv^r*^ (NaOOif J: WOO, Jg#, 
^ffli$£) tcftigL, 1 B 1090-91 BMmm 
Lfc. »JS»fi500mgAgO/<u^ 

mi, mm^ik^-itz. 

*&miz ft £ &#fi fi &ttS14l$I& l >-C500 
±> J: 0*1 , OOOmg/kg &-5-l*co£!I&%> £ ,& h 

ti&n&tiKowm 1 1, OOOmg/kg 

&&S£500mg/kg £ L, WTfc 
10043 <fc tf20mg/kg ^ttJgL fc. 

4. SS!g:£>£ 

1) -l2tt®waH 



Appendix 1. Animal No. on subchronic toxicity study of ONO-2235 in dogs 



Group 
(mg/kg) 


Male 


Female 


Termination 80 


Recovery** 


Termination 


Recovery 


Control 


1. 


3, 


5, 


6 


2, 


4 


501, 


504, 505, 506 


502. 503 


20 


7, 


8, 


11. 


12 


9, 


10 


507, 


508, 509, 511 


510, 512 


100 


13, 


14, 


16, 


18 


15, 


17 


514, 


516, 517, 518 


513. 515 


500 


19, 


21, 


22, 


23 


20, 


24 


519, 


521, 522. 524 


520. 523 



a ) : Treatment for 90 days, b ) : Withdrawal for 30 days 
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2) fit ft '4 

S^BiJ2iaS, ft-M'Js J: 1/02511, <*3l4il 

tff ft, x^-v), pH • • H- ketone if jfil- 
bilirubin • urobilinogen (-yVUt^ Xf-(7 

III, Ames) ii J: yfftttfcfcafci-a 1 1 1 c, 

J; l )Hfl*T'016B*|IIISJRk:o^TR*, Ca* + 
(Ca-Mg y-^-, 30/20, #*). Na + t K + (ife 
*jfcftSf-. 205-D, B£) i?J:tfCl- (Chloride 
counter, CL-5, ¥*B) S-WjfcLfc. 

3) Jttfc^WftSE 

St#«f 5 B 1 , i£#30fc «fc LP90 B 1 , fl;&30 B 

BO 4 El, *H»ttT-C«rK&#«J: 0»«Ufc 
EDTA-2KjBJfil?e[fco^-t#l4l^|gc, hemoglobin 
fi, hematocrit ffi, ffltttfifagift, JflL/MRft, 6 
jfii«Bc*i J: £ Jltfire^ t , sodium citrate *n 
Jfcttfc -pv^t prothrombin time £> J: partial 
thromboplastin time SrSJJSLfc, 

J: !/*«£&» 
*lfilS&& (RBC) 

: Microcell counter (CC-108, MM) 
Hemoglobin jk (HB) 

: Hemoglobin counter (HB-100, MM) 
. Hematocrit ft (HT) : ^ifflfft , 
m&miim®. (RET) : Brecher ft 
A'Wfift (PLAT) 

: Platelet counter (PL-100, MM) 
fijfil^lfe (WBC) 

: Microcell counter (CC-108, MW) 
lk1$.'gft& : May-Grllnwald Giemsajfe 

-fe 

Prothrombin time (PT) 
: ?nf^ (Hyland) 
Partial thromboplastin time (PTT) 
: ?°T^ (Hyland) 
?f>(cRBC, HT J: tf HB «OflU 0 
jflL3$ts& (MCV, MCH, MCHC) £#iULfc. 

4) #miK 

"tt4*7« (91fcJ:tf92Bg) £J:trtfcX*7 
tt WIR31BB) o»ai»»»c*(M*oift#J:0a 
JRLfc1MUItt*M6i*l,fc«, May-Giilnwald 



Giemsa ftfe*ttLtti|*C«Lfc. 

5) mmtkitw/MH. 

«&HB#J:i/ r «l5fe#& 

^IBI (TP) : Biuret ft* 
Sa^-Hit* XV A/Gib 

: Cellulose acetate Ktc X "Sllftfckt&ft 
*§; cholesterol (T-CHO) : i£^ft* 
Triglyceride (TG) I Hftft* 
'/. ^J8« (PL) : Wm&* 
Transaminase (GOT, GPT) : UV ft* 
Alkaline phosphatase (ALP) : Kind king 

ft* 

A H (GLU) : Glucose oxidase ft* 

(BUN) : Urease Indophenol £ft* 
Creatinine (CRE) : Jaffeft* 
m ® (UA) : H&ft* 
ft bilirubin (T-BIL) : Jendrassik Cleghorn 

ft* 

Lactate dehydrogenase (LDH) : UV ft* 
Creatine phosphokinase (CPK) : Oliver ft* 
Amylase (Amy) : 3— K8S*9\tfcfeft* 
Calcium (Ca J+ ) : OCPC ft* 
*M» > (P) : * ') "Tf >7Vu-i:&ft* 
Na + , K* : jfejfcjtKtt " (205D, Bit) 
CI- : fgfifil^ft 

(Chloride counter, CL-5, -¥$5) 
M.±.C01% i O 9 *> * (i Automatic analyzer 
(706D, B£) T-SiJJgLfc. 

6) ffF*»- «t C/Wfia^tB^S 
S4fiff2i§g (PSPlilill) fc<ty^4l2il 

gfcttlg3)Ilo£&£Bfc, ff«M&*4£LT 
hepatosulphalein (BSP) {^15, %—UM) 
^5mg/kg/0.1m/^, f «|gft$ c Lt 
phenolsulfonphthalein (PSP) iM^ t W, 

-K*) O0.6mg/kg/0.1m/ £flJ8S&&llRfty;:& 
WL, *O30«-ttfc*<Ml|OEI»KJ: 0 ^Rifii Lfe 
EDTA-2K ta sSam * O a & BSP fe J: If PSP fi 



164 



7) Bgf4tf)t&l 

') v\-y>7 (HE-199, ¥SAffi£) £Rv*"CR 
■kWkJm.&ti / 7 (RC-2, Aft) £ 

8) <&RRRR . 

'feRHURft^R&HRRai B*>R4R£ 

* r^wt (fd-14, v 9 r%=f) im^x 

®m l tz . ffliJ5Ef$|c tt -f * £ RRRT^R Bkmz 
I, ABmmfcfc'ft-oX AB-l, EffiR^ajctto 
T I, II, m, aVR, aVL H ±V aVF <r>&mz$: 

9) RftttJcTRRRRRR 
ttR$fg|jfc7f£tC sodium pentobarbital &g£T 
Mt<7)^$rH01-^ £ 1 1 C, &Rt*tf9R/iJ £ 
K, Cfe«S(|), RR, nm Cfc&SiD.'fifm 

csmj), r*±r, mraiHi, rr caa&ai), 

TW, NR, ¥#R, R, TIBfcii J: tfRTRlc: 

o^-rii^osai^aij^-r^t t tic, mi 
kg o <7>itm&inm iz. 

10) rsrr^rrs 

i) it §i 

Rfii L fc 4R8U 10%' : }' 14 formalin B jg 
L. paraffin hematoxylin eosinSfe 

fi*^cl00mg/kgia±<7)^^^^Mico 
^-Cli PAS&fe£, 500mg/kg$-£if<7> 1S|5«0 
R^WRfco^TliRlfefe (Berlin blue Rfe) £ 
RU *tt<?*l£R&lc«Lfc. 

RRRRIiElTfc^Lfc**, * <7>? *> TRTR, 
R8, RR, RJfLbR, R*£J:t^g|ja-ffl*) 

*8S#, Nil, RTR, fltPBBl&, #R 

S6. RBK& J: r/fllPHi formalin itttftffLfc. 



tit. JRR, 

hoirr, Buna), /Mi(+ri&iB. aii, 

UN), *H (**», Wfll, RR), RR, IS 
Ttt. T©*:, MJf (£, «r), Ml 

RR. »T')>'«R, RWR'J v/^IB, RR 
#R, *J3B (/*£«, RR, «RT»), /J>R, 

rr. mm, *k®mm, mm, «*±#. m 

3£R, RR, ^R. St, Pgsa, IBR, RR, 

*RR (RR, RR), &fSi (ARtRtf), 
*ORRR» 
ii) C SS 

*RORR#3 0O (»#R7R2R, #56*7 
*1«0 <fc ^dJLfcffFRfc.fct/WR (R«) « 
'Wfr £ 2 % glutaraldehyde mHitnX osmic 
acidR£-fi@j£L, epon ffiSmzQML tz. 

Sf^Jfri L, B£i& 7 - ? A <fc tfffimsx-~EL 
JfefeU (JEM-100S 3!, B*R*kk) 

xm^^^tt **mftmizx$mitz. 

5. ttft^R 

#HRRJ:9, *R«0¥*^RiJ J: L^RRRRR 
**aiLTFRRt1fvs ^^tfc<0<Rjfe**R3Jr L 

R* (Aspin-welch ft) $■ m v> T , £ *£R 

t-^fifofe. 

R Rl A R 

i. -mwwwmm 
i) -e^tt 

ioomg/kg y.±<r>&i§-mtzm-&m, vr * «t t/ 

-RttttORf b, 500mg/kg R4»|c SitSi! J: 1/ 

«Jgf±ffi < . RRW ifflHtto ^ ^ t «t) x-h o . 

-tt«lloRfbiii00mg/kgJ8-#.»ott l •BRJ 
(Na513) <078B B, 500mg/kgt9:-^gf<7)4| i -gnj 
(N621) "C28 B g t m<?) 1 01 (Ndl9) "C76B g, 

@R0)R 3 m (Na519, 520, 522) T'S:478~79B 
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£$lft (No21) ri f £8:#32BgK?Et:L*:. 
500mg/kg UWT, tflftaUMW^*^* 

flwcii. Hft«aiowbo!3M>fcftfcftt> 

2) # S 

&mwftM<nim £ H 1 1 * L fc. - 

lOOmg/kg a##<7)« 1 ft <Na513) T*&#29 B 
§ , 500mg/kg «4S*>IBi-C«-S-22 B g «fc "J # 
ao«UHWrtld , *feix > JSUMfeI>i*:M:«BIv*tt 
?J*«L, *S*>¥*WMfi, 500mg/kg &4# 

<r>-mx-n.^i 0 s , fltt-29 a i «t o is# £ *) m 

ftm§¥Tii500mg/kg t£^pco«t*£ £ ifrllco 

tcfrilz. 

3) «K**iO f 8l7ka 
&i£<O}Sffftfi0 2 fc, «7Kfili0 3 t^Lfc. 
flHtt-Cttlttti i lOOmg/kg aT*)S*»fc 

WE1"'<#aE<bttBAfe 500mg/ 
kg 1 A (Na21) K&#16 B I «t 0 . ^ 

co l ft (Nal9) fc51 B 1 «fc 0 , 1 ft (Na519) 
(C $-5-23- 51 B § I" ft., h 

£mm*>n?&j§-30 ~zi b 1 79 b g ^sk n-ca 

.£30-44 Btcft*fc«*Lfc. L*>L, 4*3£ff{c 

m*fit-fi500mg/kg S-S-ffcOiS 4 ft (Nal9, 

20, 22, 24) iij:ifl«t2ft (Na520, 522) tctg:^- 

16 B g « «fc 9 , 20mg/kg &4P*)«G 1 ft (Na509) 

t S-5-58 B I IS J: 0 JWq*»* f> ft, ¥±^«*fi *> 

ft#WftB«MK:*ilP£*Lfc. 

500mg/kg &$m<r>«m?ttm.&lZ itl%=F$,^ 

2. OR. ^ St 

l-9fc, R&fS®O&#l;£gl0--17£, Ri£S£ 
0*§&figl8~26K^Lfc. 
RgJi «fc VRlbMc7)^ai-C'fi500mg/kg «4# 



htifz. 

5£tt^4T*li, RJ& ketone^, ndLDMtt £ 
bilirubin WJflp*»BA h rt, Sc«t<7)B§14 (^fti 
t±) filOOmg/kgS-S-SI^ 4 i§ g fc $ 3 ft 
(Nal4, 15, 16) £ttfclft(Not517), 500mg/kg& 
4 iS i HIBS* 3 ft (Nal9, 21, 23fc<fctf 
Na519, 520, 523) £ 1231 1 K*8 1 ft (Nal9) KB 

Ketone ^Kitt tilOOmg/kgS 
$m<0 4 if g fCif 3 ft (Nal4, 15, 16) £ it lft 
(Na517) 4S «t yfl2il g C j£ 2 ft (Nal5, 17), 500 
mgAgS-5-»«0 4jlgt«l3ft(Nal9, 21, 23) 
£«t4ft (Na519, 520, 522, 523) JsJ:i«2iBl 
lc^2ft(Nal9, 23) £flt4ft (4 jig £ Bit ft) 
»c*£>*l, mifiii®ttl±20mg/kggJ#P^«tl^J 
(Na510. ± ) £ lOOmg/kg &£f?o><li$;.g-lft 
(Nal7, ± ; Na514, ++)012il@, 500mg/kg Jft-©- 
4 jgg £fl4Jt<9.g- 2 ft (Na21, + + + ; 
Na23, + ; Na519fc 1 1/521, ±) £ 12ifg \zM 1 ft 
(Na22, ±) t «t tfl 3 ft (Na519, 521, ± : 
Na520, +) IzmmZtlfZ. Bilirubin tfOtfJn (^"f 
tll +) fi500mg/kg&-§.igto2t2ft (Na21, 23) 
tS&XfMlM (Na520) *>4»BfcBtf>fetLfca<, 
12ilgK:f;tB§ttft&<, 1&*t/irtcimti&to*X 

£i\MA-btl%i)^tZ 500mg/kg 4 

is g CUT Ca 2 Mi^iii)p tmx- KMiO{ST * 12 

RftttTIi, ^Jlll^oaim (Na21<7)+^liv» 
•fnt±) 4 if g -CWffiP^SI 1 ft (Nal), 
20mg/kg 2 ft, flg 1 ft (Na 8 , 11, 511) , 

loomg/kg ®m-m<?>mm& 1 ft (Nai4, 518), 500 

mg/kg 2 ft Hi 3 ft (Na21, 23, 519, 521, 

524) iz, UBlTttMWlft (Na505), 20mg/ 
kg ft^-SAI 1 ft (Na508) , lOOmg/kg i£4^S 1 
ft (Nal8) AJ «fc t/SOOmg/kg l (Na23) 

iz®if>t,tlfz. Ifrl, &tifit3%mffl&$;7Klt: 
ft*i500mg/kg &##<7)it lft(No23)W*T*-9fc. 
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q ill Female 
10 
9 



5 



.0- 

■*- 



•O' 



-2 I 



7 1" » » 



'Administration- 



•Withdrawal 



H IS 22 20 36 43 50 57 64 71 £ 85 9091 93 99 106 lis 120 

Days 



Bl h Changes of average body weight in dogs treated orally with ONO-2235 for 90 days 

• Control o— o 20mg/kg a— a lOOmg/kg □ 500mg/kg 



a 

1 10(H 

2 

S 
o 

1 

w 

U. 



300- 



Male 




yj^-ii/ ft ~ni ii mi 



•Administration 



ir- Withdrawal j 



200 



ion 



Female 




Administration 



ir- 



■ Withdrawal 



-I r 9 i6 23 30 37 44 51 A 65 72 79 86 » 94 100 107 lU S ' 

2. Changes of average food consumption in dogs treated orally with ONO-2235 for 90 days 

• Control o— o 20mg/kg a— a lOOmg/kg □ — □ 500mg/kg 



1800 
1600- 
1400 

c 1200- 

- 1000 

.1 80(H 
| 600- 
2 41)0- 



Male 




j r * -— — — « Admi nisi rat ion • 

' 1 ^ ' ■ -■ ■ 1 1 , , 



il- 



- Withdrawal 



I 1 T 



5 1800 1 Female 
*** 1600 

1400 

1200-1 

1000 

mo 

600- 
400- 




/ 



Administration 



-> 2 • 16 23 30 37 44 51 & 65 72 79 M 9*92 94 IS 107 H3 120 

3. Changes of average water consumption in dogs treated orally with ONO-2235 for 90 days 

• Control o—o 20mg/kg a— a lOOmg/kg o — a 500mg/kg 



HI- 



Withdrawal- 
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Vlc#WnicftA»« fett&a'o te. 
^^JTiS20mg/kg 1 #J (No512) T 

( ± ) , 500mg/kg ^4^<7)KI 1 01 (Na523) H» JfiL 
Rl&IIBtt (+) *<B*>f>Jlte**, Z<?)2mt, 4 
fc «t 12ii B -Cfifctt £ ^ L t 9 , 

3. 

-S-SfO&SM* &27 28 {c * L te . 
it<O20mg/kg&4fPcO 1 * B B K*jllU&ft, 
hematocrit ft, 3 * /3 g tc hematocrit fiS^>®T 

&9, tftfts-t-KjBHLfcaeib'C'ttir^-sfc. iz 

A>C:20mg/kg a-§-S^*C#3**W«^iJ «t 
PTTOffll6£ltK:MCH*>JtilH 1 * 

B), lOOmg/kg 9 >'<mk<r>tmt# 

3&kt>m&{i*nE) a j: v ptt o&as (3 * 

JJ I >. 500mg/kg Jfc'Nfi* ( 3 * /? 

I)*jJ:tf MCHOl(»ln(l AflE), ffi-C* hemog- 
lobin g, MCH J: (/ MCHC Oifflp <v>-frl*> 
UA§) *<Btf>ibrtteri*, cfifcoSEfbtcfli* 

4. #fift3l 
*#wftafcfe*j**29~33K:3* L te. 

tt.fca»-3te. 

5. JtjSift^^g 
*#<?)«3tlS*tt*34~35»c:^Lfc. 
500mg/kg i8*»o«ty^!l<0 1 & J: 3 * ft 

B fc GOT J: if GPT rStt^iflJD, 3 ffj 

(Nal9, 20, 24, 519, 522, 523) <7) 3 * ft @ K7 

fU W»«>¥*Mrc & GOT i V GPT rgffio 
itip£teliig;&D#ilnJ, 7;u75 >S<7)&4>££>1/ 
tc A/G Jt*X&T**IM> at. 

&?rlte*', &4MMft**9&<. '£tefflfiffl§9 



tt*#Vtt, 500mg/kg &-5-S¥<7) GOT J: V 
GPTJS14, 7^7"* v*JaJ:U f A/GJfcttv»1 , il 
iiE*»caUte. 

6. BSP to «fc tf PSP $%KI* 

##*>l*3fctt***36~37fc»Lfc. 

BSP HMKtOtic fc v» -C, 500mg/kg «##*>«t 
*^>*4W(Nal9. 20, 22, 23& «fc 1/Na519. 520, 
522, 523)CJfo+BSPft^«!ma***>it, BSP* 
ittti**iST L te a* 100mg/kg KIT 
fl5»*B*>fc*L$r*>ofc. £*>*»M:fl:3K»cJ: 9IE 

PSP#itK»T k li*ffctt4fcjSHLfcJI#m 
Jtl*«»S<i4r*'-3te. 

7. HBfttt&S 

8. <CriUWftK 

tmtiy lOOmg/kg Gl±*>S!-$-#"C«4l2iI B 

i.OHftLte. 
»3*'fc, T&OiiilS, Bra-,?, ±£tt££ 

tt*tefiflrii14 P«, tt*frST»«*>»T$rir.'> 

n *)SHbtt»!-§-iKr»c t> b*> but, i & t 

fcjeHt*^btli#i»l*»ote. 

9. - SJ "tt 

500mg/kg S#^<c^ fenteJEtr^!) (No21) Tit 

±®m, fs^m, ®wti3 £iF$amfHm<r>n&tm 
m, »*±'»*}«ty f imi:»<7)S*a*«iis§nte. 

i^^jT-»i500mg/kgS-5-^^)iitSI^«- 3 
(Nal9, 22, 23*5^1^10519, 521, 522)JC^K<7) 

i6<7) 1 0g (Na23) $• Ht < ttOfllcMlOStt, Nal9 
CHIfiRoaJtt, Na22tCmT32:ai<0^* f 1Sm?a 
te. »S*»JcWJ«»*)lft 1 09 (Na504) OS^PIS&fz 
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^PTIi500mg/kg ik^-mcom 1 ^tj <Na24) C 
H*>fc20mg/kg ig#^c7)ii i ft (Na512) (cftM 

10. lanfii 

#»<0tt3bft« *■ g|38 ~45fc * t fc. 

500mg/kg &#f^ffi%£ftsc: WMfifi^iQ i 
fc. 4 £500mg/kg £#«£c7>itf;:ffi uutflyj 

« > fcffififi f20mg/kg tft^-W^itfcf*^ 
ft t» C £ «t •) jc&g t fcfb £ £ 

Wd^lrtl li « jE1£ CILt. 

11. «3*§«*tt1*4 
i) * Si 

legs l & i h ti h &i t&nw., 
iff it, w^ii^ffiiftfc^^n^. 

i) * « 

500mg/kg &#P«05Et:ft £^tf«8Stf)£:ftK: 

W?S***&ft(?*2), Z tl h <?> 7 t, <r>M 3 m 
(Nol9. 21, 23), ttl~3fl(Na502£Nd519, 512, 

522) cRin^oieKtRaoaisRiwsftfc. 

L #■ L £ ft t> c^ftia it (, g| < |§g~@££ 

#*Nffl»*>iffc 2 0J (Na 3 , 5), 20mg/kg &^-pco 
fl£3ft(Na507, 508, 511), ^^Wi£56**20mg/ 
kg &-£Pofi£ 1 ft (Na507) H «fc tf*3£»^*)j»iS 
S«**500mgAg K4#OJI| 1 « (Na519) *C*ft 



MftMm>®#>hti%^zt];f)&tii&J3-izmm 
ItzintmiMfr-otz. 

tt*»-CI±20mg/kg <0«£ 2 ft (Na510, 
512) «fc t/100mg/kg »4S*<Oii 1 ft (Na515) "C* 

±»*IBffit«0±&JM&K:£IS3ett, lOOmg/ 
kg &5-l*^;St 1 ft (Nal5) izimffll&ZW j /Jn# 

ii) Iff % 

500mg/kg i£-£S*<0;St 4 ftCNal9, 21 (TO, 22, 
23) toXtm 1 ft (Na521) O Kupffer Jffll&fcgg 

ssBWE-c* £ (^Jt 3). 4 tzmtrnzium 
iifriz, Bfms&tnmwibammm, 100& «t t^soo 

mg/kg S4WcO^# 1 ft (Na 6 , 18, 20) fc, ^ 
'J V >ft»ffl^«0«|ia«jH**»JH»ij J: t/500 
mg/kg (No506, 521), 20mg/kg&-£ 

»<OJ|-(No7) W-frlftKBrtfefifca*, Iftf, 
0*fbfcflJ*fiHtttt*fcft.$r*» o fc. 
^^^T'<i500mg/kgg:-#.^(7)flt^c7) 1 ft 
(No24, 520) K Kupffer Ipil8^0ft&6*a2fc 
*, ffc^lft (Na20) fcffF^BSa^Oy^B^^b*^^ 

iii) SO U 

•WSft«Oi&«l*<500mg/kgiS:#^-C46 <7) 3 ft 
CNal9, 210EC)', 22)iJj:CPffll<7)^!), 20mg/kg 
S**?tttta#2fl (Ma 7, 12 ; Na507, 508), 
*fJ»»-«S0 1ft-(Ita5) <C«^?£*Lfc**, 
&*S$:li500mg/kg S*ITC»HSrtj £ jj? L . 

vmrnx-iiviti i tAioomg/kg &-5-p?>ii& 1 

ft(Na512, Na513) fcWJ»<0jatt*«l8y>feafc*', 
500mg/kga##»ctt«*?ii-f, Wbfr%®& 

iv) '« 32: m 

500mg/kg 3 ft CNal9, 21(?Et:), 23) 

*<wbv>&&izii^x{>m«0)&it* t sim$ti 

169 



2). m m 

i) n W, (9*4,5) 

20mg/kg &$-m\z umzt^ zgumzfro 

fz. 10015 J: t^OOmg/kg &#i*fltiS<0i5&&*fflf : 

ii) Iff B. (9*6.7) 
500mg/kg JR-S-SOff ilBia"Crt»C**?' 

*>><bil*:. 3tlS»ra^ra«tKupffer« 
L * L Iff m&<0 % <nfa<r> * )\,if* ? is X t/lff m<0 
imnX'it, 5<Ktag/kg 1 Wc / if 

# SI 

ONO-2235a-g-»{=AfeitfcmirBrJltt, 100 
mg/kg J2JLL*>S*»fc: £ tt -«tfK8S«0£ 
lb, * f vttfc J: tf» jtiOH ttfb, 

'fr*MWfco*tel>, 500mg/kgS#^*c*it+S5Et 

s?«s, ms, suts, got, 

L L, * h > ftottttfbtt. ONO-2235 <0<ftg|f 

(7)500mg/kg tft490i|t 2 fl ( 1 fflfift 1 jfitt£ 
JEtT), 12ill WlOOmg/kg 1W, 500 
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mg/kg 1 flfcBtf) t> ti, v»-fJUJ*-9 

**S4fcjBB1"Sfco£tt#i.»K £fcl00 
mg/kg W±<0«-#.#-CJtfefi|3&** *>*lfc**, 
ONO-2235 £ £ v*tt**>ft«Hfefc J: 4 t<^i#i. 
fetlfc. "Est. -ttttttwSfb. KMM'P, 
JJWft^«^,5Et:«i*)ll5Ui, ONO-2235 
SB t t «0 £ # *. it. 500mg/kg t£4i¥ 

Jfll»£fc^*"C50Qmg/kg S4#"C GOT U 
J:tfGPT?&te<7)±#**, BSPHMt**)ffiT 

&&TKupfferiffll!afcSl&&-^ : eyf' l J >it?t 
A*I2a^ttfc«'.*'C. GOT. GPT. BSP<7)i&*£ 
*W*4»rJatt#$>*lfr*ofc. L*>L, Kupffer 

iilfeOffKfc*tt6»bttffi< «fc 

lffl«fc^^T50(hng/kg a#PO»»{i ' 

S H = > K [ ) T<7)? 'i XrOiefbCtS 
. £ fc «i ti o*ft«#Kk: J: 0 g*b ti 

i2*^) X'umtb^titf^ztfrh&mz&mz 





, "lb (to-5 m^&^J sao Mia 2 j 

Mflolmli^BBi sacrifice <» M days 

1. 500mg/kg M (Na23) 




¥S 2. 500mg/kg ^ (Nal9) X200 




¥S 3. 500mg/kg «:4i*, «t (Nal9) 
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¥H 5. 500mg/kg % (Na22) X*- /u: l/*m 
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¥S 6. 500mg/kg (Nal9) X*->u : fym 




?S 7, 500mg/kg Hi (Na519) : 5/*m 
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10. Urinary elctrolytes in male dogs at the 2nd week before administration of ONO-2235 



Group 


XNO. Of 




XT _ ■*- 

Na* 


K + 


CI 


Ckl I H IICXIO 


mT?n / / 




mTTrt / / 
HiCA^f I 


mcrQ/ * 














Mean 


6 


0 95 


ins 4 




113 17 


S.D, 




0 52 


40 8 


fin 




20.000 (mg/kg) 












Mean 


6 


0.80 


106.2 


184.00 


107.33 


S.D. 




0.20 


27.6 


64.21 


44.10 


100.000 (mg/kg) 












Mean 


6 


0.69 


89.3 


186.67 


106.00 


S.D. 




0.42 


57.9 


66.75 


42.43 


500.000 (mg/kg) 












Mean 


6 


0.97 


81.7 


195.00 


91.17 


S.D. 




. 0 .38 


26.8 


67.68 


34.31 



B 11. Urinary elctrolytes in male dogs at the 4th week after administration of ONO-2235 



Group 


No. of 
animals 


Ca 2+ 
mEq// 


Na + 
mEq// 


K* 
mEq// 


ci- 

mEq// 


Control 
Mean 
S.D. 

20.000 (mg/kg) 
Mean 
S.D. 

100.000 (mg/kg) 
Mean 
S.D. 

500.000 (mg/kg) 
Mean 
S.D. 


6 
6 
6 
6 


0.33 
0.19 

0.43 
0.31 

0.58 
0.28 

0.79 
0.35 


77.6 
53.0 

76.9 . 
31.6 

71.7 
64.7 

33.5 
12.9 


175.50 
79.20 

161.17 
73.51 

202.67 
58.67 

141.00 
95.62 


109.67 
61.20 

* 

81.50 ' 
57.68 

130.33 
44.03 

49.67 
22.13 








Significantly different from control 


: * (p<0.05) 


^ 12. Urinary elctrolytes in male dogs at the 12th week after oral administration of ONO-2235 


Group 


No. of 
animals 


Ca 2+ 
mEq// 


• Na + 
mEq// 


K+ 
mEq/ / 


ci- 

mEq// 


Control 
Mean 
S.D. 

20.000 (mg/kg) 
Mean 
S.D. 

100.000 (mg/kg) 
Mean 
S.D. 

500.000 (mg/kg) 
Mean 

S.D. 


6 
6 
6 
5 


0.57 
0.83 

0.63 
0.80 

0.50 
0.49 

. 0.43 
0.84 

• 


90.6 
49.2 

95.7 
34.8 

83.6 
33.5 

49.3 
40.5 


161.67 
41.23 

188.00. 
69.91 

168.83 
89.60 

. 108.00 
69.22 


129.50 
42.59 

134.67 
62.68 

164.33 
59.96 

70.00 
47.02 
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Control 
Mean 
S.D. 

20.000 (mg/kg) 
Mean 
S.D. 

100.000 (mg/kg) 
Mean 
S.D. 

500.000 (mg/kg) 
Mean 
S.D. 



0.92 
0.94 

0.98 
0.78 

* 

1.45 
0.23 



88.3 
46.2 

98.5 
39.6 

32.6 
19.8 



181.50 
4.95 

160 . 00 
25.46 

198.50 
26.16 

54.50 
38.89 



130.00 
7.07 

112.50 
19.09 

135.00 
14.14 

44.00 
14.14 



m 14. Urinary elctrolytes in female dogs at the 2nd week before administration of ONO-2235 
Group 



Control 
Mean 
S.D. 

20.000 (mg/kg) 
Mean 
S.D. 

100.000 (mg/kg) 
Mean 
S.D. 

500.000 (mg/kg) 
Mean 
S.D. 



No. of 
animals 



Ca 2 * 
mEq// 




Na + 
mEq// 



K + 
mEq// 



ci- 

mEq// 



1.19 
0.30 

1.12 
0.37 

1.17 
0.46 

1.10 
0.32 



60.8 
24.4 

74.6 
42.0 

78.4 
28.4 

68.0 
36.5 



247.00 
84.57 

183.33 
62.94 

248.67 
65.28 

181 . 50 
80.57 



103.33 
64.48 

105.50 
43.69 

139.50 
59.01 

82.50 
31.85 



8 15. Urinary elctrolytes in female dogs at the 4th week after oral administration of ONO-2235 



Group 

Control 
Mean 
S.D. 

20.000 (mg/kg) 
Mean 
S.D. 

100.000 (mg/kg) 
Mean 
S.D. 

500.000 (mg/kg) 
Mean 

S.D. 




Ca 2+ 
mEq// 


Na + 
mEq// 


K+ 
mEq// 


ci- 

mEq// 


0.45 
0.16 


48.7 
18.2 


188.67 
68.91 


94.17 
48.47 


0.70 
0.27 


37.8 
24.3 


138.67 
61.47 


85.50 
40.55 


0.66 
0.32 


73.5 

36.8 

• 


211.17 
79.93 


119.67 
51.77 


0.66 
0.37 


36.5 
19.6 


104.67 
48.41 


57.17 
27.04 
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^ 16. Urinary elctrolytes in female dogs at the 12th week after oral administration of ONO-2235 



Group 


No. of 

W% « ■-i_ri_ 1 A 

animals 


Ca 2 + 
mliq// 


1 if 1 

Na + 
mEq/ / 


K+ 
misq/ f 


mEq// 


uontroi 












1 VI ecu 1 


a 

o 


n 


\j£ . D 


Ifi? 17 


loo . DU 


SD 




n 7^ 






16- Is) 


Oft fiflft ' f-mr* 

<£U.UUU (mg/Kg) 












Mean 


6 


0.51 


73.2 


170.50 


134.50 


S.D. 




1.16 


40.3 


86.66 


82.49 


100.000 (mg/kg) 












Mean 


6 


0.25 


78.3 


173.0,0 


90.83 


S.D. 




0.41 


41.5 


100.27 


65.65 


500.000 (mg/kg) 












Mean 


6 


0.56 


77.9 


188 . 17 


133.00 


S.D. 




1.28 


36.0 


86.24 


54.84 


^ 17. Urinary elctrolytes in female dogs at the 4th week after the cessation of oral administration 


of ONO-2235 for 90 days 










Group . 


No. of 
animals 


Ca 2+ 
mEq// 


Na + 
mEq// 


K + 
mEq// . 


CI" 
mEq// 


Control 












Mean 


2 


0.65 


119.7 


226 . 00 


133.50 


S.D. 




0.54 


20.8 


49.50 


53.03 


. 20.000 (mg/kg) 












Mean 


2 


1.17 


90.7 


180.50 


91.00 


s.d: 




0.17 


0.2 


10.61 


5.66 


100.000 (mg/kg) 












Mean 


2 


0.68 


73.7 


163.50 


99.00 


S.D. 




0.42 


13.8 


41.72 


28.28 


500.000 (mg/kg) . 












Mean 


2 


0.78 


118.5 


187.50 


86.50 


S.D. 




0.10 


100.2 


102.53 


74.25 



i£ 18. Parameter and abbreviation in urinary sediments 



Parameter 


Abbreviation 


Grade 


Epithelial eel! 


EPC 




Negative 


Lecucocytes 


LC . 


± 


Very slightly 


Erythrocytes 


EC 


+ 


Slightly 


Bacteria 


BAC 


+ + 


Moderately 


Casts 


CAS 


+ + -h 


Markedly 


Ammoniaco-magnesian phosphates 


AMP 






Oxalate crystals 


CO 






Protozoa 


PROT 






Fat globule 


FG 






Mycete 


MYC 






Sperma 


SPM(male only) 






Oocyst 


OOC 






Insect 


INS 






Mucus filament 


MF 






Others 


OT 
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18 29. Parameter and abbreviation in myelogran 
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Effects of a fructose-rich diet and the aldose reductase inhibitor, 
ONO-2235, on the development of diabetic neuropathy 
in streptozotocin-treated rats 

N.Hotta', H.Kakuta', RFukasawa'; M.Kimura', N.Koh 1 , M.Iida', H.Terashima\T.Morimura> and N.Sakamoto' 

TCrd pcpanmcm of Internal Medicine and 'First Department of Interna) Medicine, Nagoya University School of Medicine Nacoya and 
'Bio-Saeocc Department, Research Institute, ONO Pharmaceuticals, Osaka, Japan ' & r 



Summary. Streptozotocin-diabetic rats were maintained oh a 
72% fructose diet for 4 weeks and some were treated with an 
aldose reductase inhibitor (either alrestadn: O^g-kg" 1 day" 1 
or ONO-2235: SOm^g-yday- 1 ). Fructose feeding sign ill- 
candy influenced the development of impaired motor nerve 
conduction velocity in the diabetic rats and this effect was 
positively correlated with sorbitol accumulation in the sciatic 
nerve of diabetic rats maintained on a fructose-rich diet 
Treatment with ONO-2235, a new aldose reductase inhibitor, 
prevented both slowing of motor nerve conduction velocity 
and elevation of nerve sorbitol concentration. On the other 



hand, erythrocyte sorbitol levels were significantly correlated 
to those of the sciatic nerve (r-0.86,/?<0.00J) and the retina 
(r«0.91, /xO.001) in these animals. Thus, our findings sug- 
gest that increased polyol pathway activity may be related to 
the pathogenesis of diabetic neuropathy and erythrocyte sor- 
bitol concentrations may prove a useful indicator for the pres- 
ence of diabetic complications. 

Keywords. Fructose-rich diet, aldose reductase inhibitor, 
* ONO-2235, diabetic neuropathy, polyol pathway, sorbitol, 
sciatic nerve, retina, erythrocyte. 



Recent studies in animals [l -7], and to some extent in 
man [8-12], suggest that alterations of polyol pathway 
activity may play an important role in the development 
of diabetic neuropathy. However, as yet, there is no de- 
finitive evidence. As both genetically selected [13] and 
streptozotocin-diabetic rats [2, 14] maintained oh a fruc- 
tose-rich diet have been shown to develop diabetic an- 
giopathy, it would seem that the fructose model in dia- 
betic rats may provide new support for the role of the 
polyol pathway in the genesis of diabetic complications 
115]. Moreover, sorbitol and fructose accumulation in 
the tissues of streptozotocin-diabetic rats maintained on 
a 72% fructose diet for 4 weeks, was 30% greater than in 
those maintained on a 72% glucose diet for the same pe- 
riod [16]. Thus, it was expected that fructose feeding to 
diabetic rats would result in the development of diabet- 
ic neuropathy, as does galactose feeding [1, 15, 17]. 

The aim of the present study was to elucidate the 
possible role of the polyol pathway in the aetiology of 
diabetic neuropathy and the beneficial effect of ONO- 
2235 on the prevention of peripheral neuropathy in dia- 
betes mellitus. 

Materials and methods 

* 

Animals and experimental protocols 

Diabetes was induced in male Wistar rats (weight 200-250 g) by a low 
dose of streptozotocin (40 mg/kg body weight). A single injection at a 
level not directly toxic to peripheral nerve was made into the tail vein 



of rats fasted overnight. The drug was dissolved in saline (0.15 mol/l) 
immediately before injection. 

After 2 weeks of streptozolocin administration, the diabetic rats 
(blood glucose > 20 mmol/1) were selected at random and divided in- 
to five groups. A control group (group D) had free access to laborato- 
ry chow and water without treatment for 4 weeks. The remaining four 
groups of rats were maintaned on a 72% fructose-diet for 4 weeks as 
reported previously p, 14}. One of these groups received no further 
treatment (group DF), whilst the others were treated with aldose re- 
ductase inhibitor lalrestatin (group DFA) or ONO-2235 (group 
DFO)] or insulin (group DF1). Aldose reductase inhibitor was added 
to the fruciose diet. Airestatin (a gift from Nihon-Kayaku, Tokyo, Ja- 
pan) was fed as 0.7% of diet (approximately O^g-kg^-day- 1 ) and 

(E>3-carboxymethyl-5-I(E)-2-methyl-3-phenylpropenylidene) rhoda- 
nine (ONO-2235, a gift from Ono Pharmaceuticals, Osaka, Japan) 
was fed as 0.04% of the diet (approximately SOmg-kg-'-day* 1 ). 
Lcme insulin was injected subcutaneously daily for 4 weeks at doses 
varying from 2 to 6 U according to the levels of glucose and ketone re- 
vealed in the urine by the reagent strips of Multistix (Miles-Sankyo, 
Tokyo, Japan). One group of normal rats was maintained on a 72% 
fructose diet for 4 weeks (group CF), whilst a control group (group C) 
had free access to laboratory chow and water only. 



Measurement of motor nerve conduction velocity 
and analysis 

Motor nerve conduction velocity (MNCV) was measured in the most 
rapidly conducting fibres of the rat tail nerve supplying the segmental 
muscle according to the method of Miyoshi and Goto [17]. Tnc rats 
were kept on a heated pad in a room maintained at 25 °C to preserve a 
constant rectal temperature of 37 °C. After intraperitoneal injection of 
sodium pentobarbital (30-40 mg/kg body weight), MNCV was de- 
termined using a Neuropak NEM-3102 instrument (Nihon-Koden, 
Osaka, Japan) at 0, 2 and 4 weeks following the initiation of treatment! 
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Normal 
control rats 

Diabetic 
control rats 

Treated diabetic rats 
Alrestatin 
ONO-2235 
Insulin 



Group 
code 



C 

CF 

D 
DF 

DFA 
DFO 
DFI 



Diet 




Body weight 

(g 


Blood glucose 
(mmol/l) 


Laboratory clto\v(«- 
Fructose (//»12) 


10) 


363 ± 8 
360 ± 5 


5.78 ±0.16 
6.U±1.02 


Laboratory chow ( ««- 
Fructose (//= 8) 




229 ± I8* b 
219± 9 th 


10.00±1.06* b 
U.22±0.56 lb 


Fructose ( n «- 6) 
Fructose (»- 7) 
Fructose (no 7) 




245±32 x > 
233 ± 12** 
280± l 3 ***-** 


9.56 ± 0.83* b 
10.56±O.56* b 
10.50±0.78* b 



w i« w^ssiSo- r ;r °- 001 m groupC: h/,< ° 00 * vereus groupcF: '" <o ° 5 vereus ^ v<««i «— 



Table 2. Effect of a fructose-rich diet on motor nerve conduction ve- 
locity in streptozotocin-diabetic rats 



Animal group 



Group Motor nerve conduction velocity 
code (m/s) at: 







0 weeks 


2 weeks 


4 weeks 


Normal rate 










Untreated 


C 


29.2 ±0.5 


32.2 ±1.5 


35.4 ±1.4 


(«-10) 








Fructose- fed 


CF 


29.4 ±0.7 


31.8±l.4 


36.0 ±0.8 


* (n«12) 








Diabetic rats 




* 






Untreated 


D 


27.9 ±0.8 


28.5 ±0.7 


32.2 ± 0.7* « 


(«-7) 








Fructose-fed 


DF 


27J±0.6 tr 


29.5 ±0.7 


28.2 ± 0.2* 


(„«8) 









Results are expressed as mean ± SEM. * p< 0.001, 0.01, 0.05 versus 
groupC; 4t '/><O.0Ol, 0.01, 0.05 versus groupCF respectively; 
8 /?<0.001 versus group D rats 



At the end of this experimental period, rats were fasted overnight 
before study. AAcr induction of anaesthesia (sodium pentobarbital 
30-40 mg/kg body weight), blood was drawn from the vena cava infe- 
rior, and collected in ice-cold tubes for determination of glucose and 
sorbitol. The sciatic nerves and retina were removed immediately. The 
sciatic nerves were removed from the level of the sciatic notch and ex- 
lending approximately 3 cm distally. After removal of fat and connec- 
tive tissues, the nerve was weighed, immediately frozen in liquid ni- 
trogen and stored at -80°C until analysis for glucose and sugar 
alcohol contents. 

To determine glucose, sorbitol and fructose concentrations, the 
nerves were homogenized in ice-cold 10% (wt/vol) HCIO4 (0.5 ml) in 
a glass-in-glass hand homogenizer (Kinoshita-Rika, Nagoya, Japan) 
and cenlrifuged at 1400g for 10min at 4^. The supematants were 
neutralized with 2 N KOH. After centrifugation, glucose [1 8J, sorbitol 
[19| and fructose [20) were measured enzymatically. 

Sorbitol levels in the retina were measured as described above af- 
ter homogenization in ice-cold 10% (wt/vol) HCIO4 (1.0 ml) and cen- 
trifugation at 1400g for lOmin at 4°C. Erythrocyte sorbitol content 
was measured according to the technique of Malone et al. [21 J. Blood 
glucose was determined using a glucose test kit (New Giucostat, 
Worthington Biochemicals, Freehold, New Jersey, USA). 

Statistical methods 

All results are presented as mean ±SEM. The significance of differ- 
ences, were calculated by the Student's t-tesL 



Results 

The changes in body weight for all groups of rats are 
shown in Table 1. Body weight and biood glucose levels 
in normal rats were similar in the fructose-fed group 
(group CF) and the laboratory chow-fed group 
(group C). The streptozotocin-diabetic rats lost weight 
significantly, but treatment with aldose reductase inhi- 
bitors (groups DFA, DFO) had no effects on weight loss 
or severity of hyperglycaemia. Differences in blood glu- 
cose levels between the insulin-treated diabetic group 
(group DFI) and the other diabetic groups were of little 
significance since the insulin dose was varied according 
to the diabetic condition of individual rats. However, 
group DFI rats did not lose weight significantly com- 
pared with the other groups of diabetic rats. 

Effect of a fructose-rich diet and aldose reductase 
inhibitors on MNCV 

The fructose feeding for 4 weeks significantly influ- 
enced the development of impaired MNCV in diabetic 
rats compared with untreated diabetic rats (28.2 ±0.2 
versus 32.2 ±0.7 m/s, p< 0.001; Table 2). Sorbitol and 
fructose concentrations in the sciatic nerves were more 
markedly elevated in group DF than in group D rats 
(Table 3), suggesting that the MNCV defect may be re- 
lated to nerve sorbitol and fructose contents. However, 
in normal rats, neither MNCV nor the concentrations of 
nerve glucose, sorbitol or fructose were affected by fruc- 
tose feeding. 

Table 4 shows the effects of aldose reductase inhibi- 
tors and insulin on the development of impaired 
MNCV in diabetic rats maintained on a fructose-rich 
diet Animals in groups DFA, DFO, DFI showed a 
marked improvement in MNCV after 4 weeks, com- 
pared with those in group DF, but there were no differ- 
ences in improvement of MNCV between the three 
treated diabetic groups. Sorbitol and fructose contents 
in the sciatic nerve were reduced by >40% in 
groups DFA, DFO, DFI compaired with group DF rats 
(Table 5). However, since this reduction was only ap- 
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Table 3. Sorbitol, fructose and glucose concentrations in the sciatic nerve ot normal and sircpiraotocin-dinbctic rats maintained on :i fructose- 
rich diet for 4 weeks 



Animal group 


Grdup 

code 


Glucose 

(jimol/g wet weight) 


Sorbitol 

(umol/g wet weight) 


Fructose 

(umol/g wet weight) 


Normal rats 
Untreated («« 10) 
Fructose-fed (w-12) 


. c 

CF 


2.65±0.19 
3.25 ±0.24 


0.11 ±0.04 
0.11 ±0.02 


1.04 ±0.07 
1.14±U.09 


Diabetic rats 
Untreated (n-7) 
Fructose-fed (n~ 8) 


D 


3.97 ±0.84 
6.43 ± 0.73* cd 


0.26 ± 0.03* c 
0.55 ± 0.08* * e 


2.67 ±037*' 
7.61±l.0S* td 



Results are expressed as mean±SEM. * b />< 0.001, 0.02 versus group C ; «>< 0.001 versus groupCF; A * /><0.U05, 0.02 versus group D rats re- 
spectively 



Table 4. Motor nerve conduction velocity in normal and sireptozoto- 
dn-diabetic rats maintained on a fructose-rich diet during treatment 
with aldose reductase inhibitors and insulin 



Animal group 



Group Motor nerve conduction velocity 
code (m/s) at: 



0 weeks 



2 weeks 4 weeks 



Normal rats 
(fructose-fed) 
Control (/i-6) CF 

Diabetic rats 

(fructose-fed) 

Untreated (n«7) DF 
Alrcstatin-treatcd DFA 
(/i-6) 

ONO-2235- DFO 
treated (/r—7) 
Insulin-treated DFI 
(n-7) • 



29.5 ±0.8 32.3 ±1.7 36.3 ±1.0 

25.6±0.5 a 28.6±0.5 C 28.3±0.6 h 

26.4±1.3 31.6±0.6 a 33.1±0.9* e 

2C.9±0.6 C 31.6±0.7 d 33.8±1.3 d 

26.2±0.5 11 33.6 ±1.2° 



Results are expressed as mean ± SEM. * K e p< 0.005, 0.01, 0.05 versus 
group CF; 0.005, 0.01 versus group DF rats respectively 



proximately 50%, neither of the inhibitors nor insulin at 
the doses used completely inhibited aldose reductase at 
the high blood glucose levels of these rats. 

Although the increased accumulation of sorbitol in 
the sciatic nerve in group DF rats was strongly prevent- 
ed by the treatment of ONO-2235 and insulin, the ef- 
fects in the sciatic nerve were observed also in both the 
retina and erythrocytes of group DF rats (Table 5). 
Erythrocyte sorbitol levels of all experimental animals 
were significantly correlated with those of the sciatic 
nerve (r=0.86, p<0.00t) and the retina (r=0.91 % 
/?<0.001). 



Discussion 

It is now accepted that early metabolic abnormalities in 
nerves resulting from chronic insulin deficiency and hy- 
perglycaemia, rather than from vascular changes, heavi- 
ly influence the development of diabetic neuropathy 
[22]. However, there are numerous proposals for possi- 
ble pathogenetic metabolic alterations in nerve disor- 
ders in diabetes [22, 23], 



In the present study, it was revealed that a fructose- 
rich diet fed to diabetic rats could bring about impaired 
MNCV which could be prevented by treatment with al- 
dose reductase inhibitors. Although ONO-2235, a new 
aldose reductase inhibitor, prevented both slowing of 
MNCV and the elevation of nerve sorbitol concentra- 
tion, both effects were similar to those of alrestatin and 
insulin treatment. Although the reduction rate of nerve 
sorbitol content by treatment with either of the aldose 
reductase inhibitors or insulin was less in the present 
study (50-60%) than in other reports (70-90%) [3-7], 
treatment showed the same improvement of MNCV in 
our animal models as in these other reports. This low re- 
duction of nerve sorbitol and fructose content by treat- 
ment with aldose reductase inhibitors and insulin is ex- 
plainable by (1) the use of low doses of aldose reductase 
inhibitors and (2) the direct transport of fructose to the 
sciatic nerve causing elevated sorbitol and fructose con- 
tent In recent experiments with diabetic rats, after 
6 months of streptozotocin administration, the animals 
received ONO-2235 mixed in the food at two different 
doses (50 and 100 rng • kg" 1 • day ~ J ) for 4 weeks [24]. The 
MNCV of rats treated with the higher dose was more 
markedly improved than that of animals treated with 
the lower dose (42.2 ±0.8 versus 40.0 ±0.7 m/s, p< 
0.05), whilst the MNCV of corresponding untreated 
diabetic rats was 35.9±1.0m/s. All these changes ap- 
peared to be related to nerve sorbitol content (high 
dose: 1.45±0.10; low dose: 1.63±0.12; control: 
1.89 ±0.15 umol/g wet weight; high dose versus con- 
trol, /?<0.01). Thus, it was expected that the higher 
doses of aldose reductase inhibitor administered in the 
present study would cause a more marked effect on the 
reduction of nerve sorbitol content In experiments in 
vivo, most of the administered fructose was converted 
rapidly into glucose by the liver and approximately 20% 
of the fructose load was not metabolized [25]. The accu- 
mulation of sorbitol and fructose in the retina and lens 
were observed more markedly in diabetic rats main- 
tained on a fructose-rich diet than in those maintained 
on a glucose-rich diet [16]. The presumed role of the 
fructose diet in the present study is on the basis of these 
data [16; 25]. The increased accumulation of sorbitol 
and fructose in the diabetic rats maintained on a fruc- 
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Table 5. Effect of aldose reductase inhibitors and insulin treatment on sorbitol, fructose and glucose concentrations in the sciatic nerve and on 
sorbitol concentrations in the retina and erythrocytes of strcptozoiocin-diabelic rats maintained on a fructose-rich diet for 4 weeks 



Animal group- Croup Sciatic nerve (u.mol/g wet weight) Retina Erythrocytes 



4 


code 


Glucose 


Fructose 


Sorbitol 


Sorbitol 

(jimol/g wet weight) 


Sorbitol 

(nmol/g haemoglobin) 


Normal nits (fructose-fed) 
Control («~6) 


CF 


2.98 ±0.1 8 


1.07 ±0.07 


0.1 1 ±0.02 


0.27±OJ0 


38.83 ± 7.79 


Diabetic rats (fructose- fed) 
Untreated (n« 7) 
Alrestatin-t rested (n«n 6) 
ONO-2235-trcated{«-7) 
Insulin -treated (/i«7) 


DF 
DFA 
DFO 
DFI 


5.48 ±0.69 c 
5.03±O.84 e 
4.89±0.47 h 
4.36 ±0.53* 


5.96±0.50 a 
2.70±0.65 c -5 
3. 14 ± 0.69* b 
2.44±0J5 Kr 


0.47 ± 0.04 a 
O.I7±0.03 r 
0.25 ±0.05^' 
0.22 ± 0.03 d - ' 


1.15±0.0l a 

0.51 ±0.11' 
0.42 ±0.1 5' 


220.00±lSJl a 

12739± 8.97*' 
I41.16± 9.00*' 



Results are expressed as mean ± S EM. 

** ftA '/><0.001, 0.005. 0.01. 0.02, 0.05 versus group CF; '•*/>< 0.001. 0.005 versus group DF rats, respectively 



tose-rich diet compared with the untreated diabetic 
group should accrue from increased polyol pathway ac- 
tivity and hepatic isomerase reaction affecting blood 
glucose levels. Thus, our findings suggest that the use of 
aldose reductase inhibitors in animal models has good 
potential for assessing the role of the polyol pathway in 
MNCV impairment. 

A marked decrease of nerve sorbitol and fructose 
content in insulin treated diabetic rats was observed de- 
spite a small reduction in nerve glucose levels (Table 5). 
As aldose reductase activity of the polyol pathway is not 
affected directly by insulin [16, 29], it is likely that the 
specific activities of several enzymes regulated by insu- 
lin are altered and that glucose utilization is diverted to 
metabolic pathways other than the polyol pathway. In 
vitro, at physiological glucose concentrations, approxi- 
mately 3% of the glucose uptake was' utilized for sorbi- 
tol and fructose synthesis and this increased to as much 
as 11% at 50mmol/l glucose concentration [26]. How- 
ever, extracellular glucose in our study was only ap- 
proximately 20% of that quoted in the above reference. 
Nerve sorbitol and fructose synthesis in insulin-treated 
diabetic rats may be strongly influenced by even a small 
reduction of nerve glucose content, as was observed in 
the present study. Moreover, this could explain why nei- 
ther MNCV nor nerve sugar alcohol content were af- 
fected by fructose feeding in normal rats. 

Recent histological studies in diabetic neuropathy 
have demonstrated enlargement of endoneural space as 
a cause of increased water content [27]. It might be spec- 
• ulated, for example, that if the excess of sorbitol and 
fructose within the Schwann cell were to leak into the 
endoneural space, this would contribute to the osmotic 
force, leading to swelling of the space as well as to 
shrinkage of the axon and the Schwann cell [22]. As the 
accumulation of 1 umol of solute/g wet weight is equiv- 
alent to 1 mosmol/l in osmotic pressure [28], osmotic 
damage could occur with the accumulation of sorbitol 
and fructose observed in our study. However, the mech- 
anism by which the polyol pathway hyperactivity influ- 
ences the pathogenesis of diabetic neuropathy is not yet 
established. Recently, other investigators focussed on 



the polyol pathway in conjunction with myo-inositol 
metabolism in nerves [6, 23, 29]. Thus, peripheral nerve 
dysfunction in diabetes via polyol pathway hyperactivi- 
ty may be further complicated by a biochemical mecha- 
nism based on the osmotic hypothesis [22, 23, 27]. 

ONO-2235, has a short circulating half-life (1 h in 
rats and man) compared with that of sorbinil (4h in 
rats) [30], but the same as that of alrestatin [1]. The dose 
of ONO-2235 used in this study was equal to that used 
in diabetic patients treated for a 12-week period, when 
improvement in both nerve conduction velocity and 
subjective symptoms, such as pain and numbness, 
correlated well with reduction of erythrocyte sorbitol 
content [2]. Therefore, the effects of ONO-2235 in the 
present study could be partially explained on a phar- * 
maco logical basis. 1 

On the other hand, it is of clinical interest to know 
whether a good correlation exists between erythrocyte 
and tissue sorbitol levels in diabetes-associated compli- 
cations. In the present study, it was confirmed that 
erythrocyte sorbitol levels were significantly correlated 
to those of the sciatic nerve (r«= 0.86, p< 0.001) and the 
retina ( r*= 0.91, p< 0.001) in individual animals. If in- 
creased polyol pathway activity is strongly related to the 
pathogenesis of diabetic complications, our present 
findings show that erythrocyte sorbitol concentrations 
may be a useful indicator for the presence of diabetic 
complications as mentioned by Malone et aL [21]. 
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